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[57] ABSTRACT

A method and apparatus for depositing parylene monomer
within the interior of a deposition chamber of a parylene
deposition system. In certain embodiments, the method
comprises the steps of: (a) introducing a cryogenic fluid into
the interior of the deposition chamber to cool the surface of
the substrate; and (b) introducing the parylene monomer into
the 1nterior of the chamber to deposit the parylene monomer
onto the surface of the substrate. In some embodiments, the
apparatus comprises: a deposition chamber; a pumping
system, a source of cryogenic fluid, a gas source and at least
onc support mount disposed within the interior of the
deposition chamber. The pumping system reduces the pres-
sure of the interior of the deposition chamber, and the
pumping system 1s in fluid communication with the interior
of the deposition chamber. The source of cryogenic fluid is
in fluild communication with the interior of the deposition
chamber. The gas source 1s 1n fluid communication with the
interior of the deposition chamber. Optionally, the method or
apparatus may include the use of a load lock chamber.

53 Claims, 4 Drawing Sheets
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METHOD AND APPARATUS FOR
CRYOGENICALLY COOLING A
DEPOSITION CHAMBER

BACKGROUND

1. Field of the Invention

The present invention relates generally to a method and
apparatus for cryogenically cooling a deposition chamber,
and more specifically to such a method and apparatus that
can preferentially cool the surface of a substrate onto which
a gas 1S to be deposited.

2. Discussion of the Related Art

Conformal coatings having low dielectric constants and
high melting temperatures are desirable for many
applications, including the medical, electronics and automo-
five industries. For example, the components of an automo-
bile that are located beneath the hood (e.g., the carburetor)
are exposed to various corrosive gases as well as tempera-
tures in excess of 200° C. for extended periods of time.

Conventionally, layers of parylene polymers have been
used as conformal coatings since some of these layers are
known to have dielectric constants of about 2.3 and melting,
temperatures of about 540° C. Parylene polymers are poly-
p-xylylenes which may be prepared with a parylene dimer.
Parylene polymers generally have a structure:

—6 XgC O CXE t

wherein X 1s typically a hydrogen atom or a halogen atom.
The most common forms of parylene dimers include the
following:

CH; CH;

©
©

CH> CH>

4<E E}*o
|

@
—(E EFO
;

O

CH; CH;

Cl Cl

Q
Q

Cl Cl

CH3

CH;

Typically, parylene polymer layers are formed by a vapor
deposition method that i1s performed using a vacuum appa-
ratus. In this method, generally referred to as the Gorham
process, the parylene dimer 1s vaporized and the dimer bond
1s then cleaved to form parylene monomer having the
structure:
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The parylene monomer 1s then deposited onto the surface of
a substrate and polymerization of the monomer occurs
spontaneously to form the parylene polymer layer coating.
This process and an apparatus appropriate for use with this
process are disclosed 1n U.S. Pat. No. 5,538,758, which 1s
herein incorporated by reference.

The parylene monomer preferentially deposits on rela-
tively cool surfaces. Therefore, 1t 1s desirable within the art
to provide a method and apparatus for depositing a gas, such
as parylene monomer, onto cooled surfaces to yield a layer
of material, such as a parylene polymer layer. It 1s also
desirable to provide a method and apparatus for simulta-
neously depositing parylene monomer onto more than one
substrate with minimal limitation on the surface area of the
substrate(s).

SUMMARY OF THE INVENTION

In one 1illustrative embodiment, the present invention
provides a method of depositing a gas onto a surface of a
substrate. The substrate 1s disposed within the interior of the
deposition chamber. The method comprises the steps of: (a)
introducing a cryogenic fluid into the interior of the depo-
sition chamber to cool the surface of the substrate; and (b)
mtroducing the gas into the interior of the chamber to
deposit the gas onto the surface of the substrate.

In another illustrative embodiment, the present invention
provides a method of depositing parylene monomer within
the 1nterior of a deposition chamber of a parylene deposition
system. The method comprises the steps of: (a) introducing,
a cryogenic fluid into the interior of the deposition chamber
so that the cryogenic fluid cools at least the surface of a
substrate disposed within the interior of the deposition
chamber to a reduced temperature; (b) heating walls of the
interior of the deposition chamber to a temperature greater
than the reduced temperature of the surface of the substrate;
and (¢) introducing the parylene monomer into the interior
of the deposition chamber so that the parylene monomer
preferentially deposits onto the surface of the substrate.

In further illustrative embodiment, the present invention
provides an apparatus for depositing a gas. The apparatus
comprises: a deposition chamber; a pumping system, a
source of cryogenic fluid, a gas source and at least one
support mount for a substrate disposed within the interior of
the deposition chamber. The pumping system reduces the
pressure of the interior of the deposition chamber, and the
pumping system 1s in fluid communication with the interior
of the deposition chamber. The source of cryogenic fluid is
in fluild communication with the interior of the deposition
chamber. The gas source 1s 1n fluid communication with the
interior of the deposition chamber.

In yet a further illustrative embodiment, the present
invention provides an apparatus for depositing parylene
monomer. The apparatus comprises: a deposition chamber;
a vacuum pump, a source ol cryogenic fluid, a source of
parylene monomer and at least one support mount for a
substrate disposed within the interior of the deposition
chamber. The vacuum pump reduces the pressure of the
interior of the first deposition chamber and 1s 1n fluid



J,806,319

3

communication with the interior of the first deposition
chamber. The source of a cryogenic fluid 1s m fluid com-
munication with the interior of the first deposition chamber.
The source of parylene monomer 1s 1n fluid communication
with the interior of the deposition chamber.

In another 1llustrative embodiment, the present invention
provides a method of depositing a gas onto a surface of a
substrate. The substrate 1s disposed within an interior of a
deposition chamber. The method comprises the steps of: (a)
cooling the surface of the substrate without clamping the
substrate to a support; and (b) introducing the gas into the
interior of the chamber to deposit the gas onto the surface of
the substrate.

In contrast to certain related art systems, the present
invention provides the advantage that clamping of the sub-
strate (e.g., electro-clamping, gravitational clamping and the
like) 1s not used to cool the surface of the substrate. Instead,
the substrate can be cooled to a temperature suflicient to
deposit a gas without clamping the substrate to the support
or otherwise bringing the substrate into close contact with
the support.

It 1s another advantage of the present mvention that a
relatively large surface area of one or more substrates can be
cooled to appropriate temperatures prior to deposition of the
parylene monomer.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a cross-sectional view of one embodiment of an
apparatus according the present invention;

FIG. 2 1s a cross-sectional view of another embodiment of
an apparatus according to the present mnvention;

FIG. 3 1s a cross-sectional view of yet another embodi-
ment of an apparatus according to the present invention;

FIG. 4 1s a low chart of one embodiment of a method
according to the present 1nvention.

DETAILED DESCRIPTION

In one aspect, the present mvention relates to a parylene
monomer deposition apparatus 10 as shown i FIG. 1.
Apparatus 10 includes a deposition chamber 12 having walls
11 with heaters 13 in thermal communication therewith. A
substrate 14 1s disposed within the interior of chamber 12
and held 1n place by a support mount 15. Support mount 15
may take on any shape so long as 1t 1s capable of supporting
substrate 14 during the coating process as described herein.
Preferably, support mount 15 1s chemically inert to substrate
14. In alternate embodiments, substrate 14 may be coated
using the tumbling technique known to those skilled 1n the
art. In these embodiments, chamber 12 may not include
mount 15.

Pumping system 16 1s 1n fluid communication with cham-
ber 12 and can reduce the pressure of the interior of chamber
12 to pressures less than atmospheric pressure. Apparatus 10
further includes a cryogenic fluid source 18 that i1s 1n fluid
communication with the interior of chamber 10 such that
source 18 1s capable of supplying a cryogenic fluid to the
interior of chamber 12.

A “cryogenic fluid” as used herein denotes a fluid that 1s
capable of reducing the temperature of the surface of sub-
strate 14 to temperatures below room temperature.
Preferably, a cryogenic fluid can reduce the temperature of
the surface of substrate 14 to less than about 40° C., more
preferably less than about 10° C. and most preferably less
than about—15° C. Furthermore, a cryogenic fluid should be
chemically inert to substrate 14. In addition, the cryogenic
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fluid should have a water content low enough that exposure
of the cryogenic fluid to substrate 14 according to the
processes described herein results in substantially no water
being left on the surface of substrate 14. Preferably, prior to
entering deposition chamber 12, the water content of the
cryogenic fluid is at most about 500 parts per million (ppm)
water, more preferably at most about 200 ppm and most
preferably at most about 5 ppm. It 1s to be noted that, due to
their relatively low temperatures, cryogenic fluids usually
freeze out other impurites, such as oils. Deposition of these
impurities on the surface of the substrate can interfere with
the processes of the present invention. Therefore, the com-
paratively low concentration of these impurities in cryogenic
fluids 1s advantageous because 1t reduces the likelihood that
contaminants will be deposited on the surface of the sub-
strate during the deposition processes described herein.

A cryogenic fluid may be 1n the form of a liquid, a gas, a
supercritical liquid or any combination thereof. Cryogenic
fluids appropriate for use in the present invention include,
but are not Iimited to, liquid nitrogen, liquid carbon dioxide,
liquid helium and other such cryogenic fluids that are known
to those skilled in the art as well as vapors thereof formed
by heating as the cryogenic fluid 1s transferred from source
18 to the interior of chamber 12, as discussed below.

Cryogenic fluid source 18 may be placed in fluid com-
munication with chamber 10 using any device known to
those skilled in the art. Such devices include, for example,
pipes, tubes and other such devices that are known to those
skilled 1n the art. Typically, a pipe or tube 20 1s used to
provide this fluid communication. In certain embodiments,
one or more valves 22 may be used to control the tlow of
cryogenic fluid from source 18 to deposition chamber 12. It
1s to be noted that, while FIG. 1 depicts source 18 disposed
outside the interior of chamber 12, in certain embodiments,
source 18 may be located within the mterior of chamber 12.
The location of cryogenic fluid source 18 1s limited only 1n
that 1t should be 1n fluid communication with the interior of
source 12 and that 1t should not interfere with the pumping
out of chamber 12 subsequent to cooling the surface of
substrate 14 or the deposition of a gas on substrate 14.

Pumping system 16 1s usually at least one vacuum pump
24 placed 1n fluid communication with chamber 12 by a tube
or a pipe 26. In certain embodiments, vacuum pump 24 may
be an oilless pump. To reduce the pressure of the interior of
chamber 12, a liquid nitrogen trap 28 may be placed between
pump 24 and chamber 12. Alternate embodiments will be
readily apparent to those skilled m the art and are intended
to be within the scope of the present invention.

The surface of substrate 14 may be formed from any
material onto which parylene polymer may be deposited.
These materials may include electrically conductive and
clectrically non-conductive materials. The particular mate-
rial from which the surface of substrate 14 1s formed
depends upon the application, and such materials are known
to those skilled in the art. For example, the surface of
substrate layer 14 may be formed from organic materials or
inorganic materials including, but not limited to, aluminum,
iron, steel, molybdenum, aluminum oxide, titanlum oxide,
lead oxide, copper oxide, iron oxide, beryllium oxide, man-
cganese oxide, tungsten oxide, tantalum oxide, vanadium
oxide, silicones, natural rubbers, plastics, plastic
composites, cellulosic materials, epoxy-containing
compounds, thermosetting compounds, thermoplastic
compounds, oxides of silicon (e.g., fly ash, hydrated silica,
silica, quartz, aerogels, xerogels and fumed silica) and the
like. Furthermore, the surface of substrate 14 may comprise
cgallium arsenide or other such semiconductors formed from
more than one element.



J,806,319

S

The surface of substrate layer 14 may also be formed from
a vacuum compatible liquid. By “vacuum compatible” it 1s
herein meant to refer to a material that has a vapor pressure
at the operating temperature of the vacuum chamber used
such that the minimum pressure to which the vacuum
chamber can be pumped 1s independent of the presence of
the vacuum compatible material. One example of a vacuum
compatible liquid 1s gamma-methacryloxypropyltri-
methoxysilane.

In certain embodiments, substrate 14 may be a printed
circuit board, a silicon backboard, a fiberglass backboard, a
silicon wafer, paper, a key pad, a catheter, a pacemaker
cover, a subcutaneous probe, a bird feather, a silicone
O-ring, parts of a mechanical apparatus, such as an
automobile, or the like.

FIG. 2 shows one embodiment of a deposition system 3(
according to the present invention. System 30 includes
deposition apparatus 10 having the features substantially as
described above. System 30 further includes a vaporization
chamber 32, a pyrolysis zone 34 and a post-pyrolysis zone
36. Vaporization chamber 32 is 1n fluid communication with
pyrolysis zone 34, and zone 34 1s 1 fluild communication
with post-pyrolysis zone 36. Zone 36 1s also 1n fluid com-
munication with the interior of deposition apparatus 12.

Vaporization chamber 32 includes a container 38 for
holding parylene dimer. A heater 40 1s 1n thermal commu-
nication with container 36. Pyrolysis zone 34 includes at
least one heater 42 for maintaining the walls 44 of zone 34
at elevated temperature. Post-pyrolysis zone 36 has batfles
46 which are maintained at a temperature of at most room
temperature by cooling device 48.

FIG. 3 15 an alternate embodiment of an deposition system
50 1in accordance with the present invention. Elements with
the same reference number as disclosed above are substan-
fially similar in apparatus 50. Apparatus 50 further includes
a load lock chamber 52 which 1s adjacent deposition cham-
ber 12 of apparatus 10. Load lock chambers appropriate for
use 1n the present invention are known to those skilled 1n the
art and are 1ntended to be within the scope of the present
invention.

Chamber 52 may be placed 1in fluid communication with
deposition chamber 12 of apparatus 10 by opening a scal 54
between chamber 12 and chamber 52. Alternatively, scal 54
may be closed to substantially prevent fluid communication
between load lock chamber 52 and deposition chamber 12.

In use, load lock chamber 52 1s typically sealed from
deposition chamber 12 while the pressure of chamber 12 1s
reduced (1.e., while chamber 12 is pumped out). The pres-
sure of chamber 52 1s maintained at a relatively high
pressure while chamber 12 1s pumped out (e.g., chamber 52
is kept at atmospheric pressure). Substrate 14 may be placed
within chamber 52 and manipulated as desired. The pressure
of chamber 52 may then be reduced, and seal 54 may be
opened to place chamber 52 1 fluid communication with
chamber 12. Substrate 14 may then be transterred to cham-
ber 12 and subsequently have a parylene polymer layer
formed on the surface of substrate 14, as described herein.
In certain embodiments, prior to transferring substrate 14
from chamber 52 to chamber 12, substrate 14 may be cooled
using a cryogenic fluid as described herein while 1t 1s within
chamber 52. Thus, for these embodiments, deposition cham-
ber 12 need not be cooled 1n order to form a parylene
polymer layer on the surface of substrate 14. During the
formation of the parylene polymer layer, scal 54 may be
used to substantially prevent fluid communication between
chamber 52 and chamber 12. Alternatively, seal 54 may be
open such that chamber 52 1s 1n fluild communication with

chamber 12.
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While particular apparatuses have been described herein,
one skilled 1n the art would understand that at least certain
aspects of these apparatuses may be varied or modified, and
such variations and modifications are intended to be within
the scope of the present invention. For example, rather than
having heater 42 cleave the parylene dimer (described
below), pyrolysis zone 34 may have a plasma source to
cleave the parylene dimer. Such plasma sources are dis-

closed 1n, for example, Russian Patent Nos. RU 2,000,850
and RU 2,002,519. In some embodiments, apparatus 30 may

not include post-pyrolysis zone 36.

FIG. 4 1s a flow chart of one embodiment of the method
of the present invention. First, deposition apparatus 10 is
purged with a gas at a temperature that does not substantially
cool the surface of substrate 14 (e.g., room temperature).
This gas should be chemically inert to substrate 14 and
should introduce substantially no liquid water or water vapor
into apparatus 10 during purging. Preferably, this gas has a
water content of at most about 500 ppm, more preferably at
most about 200 ppm and most preferably at most about 5
ppm. One example of such a gas appropriate for use 1n
purging apparatus 10 1s nitrogen. Other such gases known to
those skilled 1n the art and are intended to be within the
scope of the present invention.

A cryogenic fluid 1s then introduced into deposition
apparatus 10 to reduce the temperature of the surface of
substrate 14. It 1s to be noted that, since deposition occurs
over a period of time, 1t may be desirable to cool the surface
of substrate 14 to a temperature slightly below the tempera-
ture that 1s desired for deposition. When introduced 1nto the
interior of deposition apparatus 10, the cryogenic fluid may
be 1n the form of a liquid, a gas, a supercritical fluid or a
combination thereof. For example, while being transferred
from source 18 to chamber 12, some liquid nitrogen may
boil and become nitrogen vapor. It 1s to be noted that, if the
cryogenic fluid within the interior of chamber 12 1s mostly
a liquid, the cryogenic fluid need not entirely fill the mterior
of chamber 12 so long as the temperature of substrate 14 1s
ultimately reduced to a temperature that increases the rate of
deposition of the gas (e.g., parylene monomer) on substrate
14, as discussed below. In certain embodiments, however, 1t
may be desirable to nearly or entirely fill the interior of
chamber 12 when the cryogenic fluid 1s 1n the form of a
liquad.

A period of time 1s allowed to pass so that the cryogenic
fluid 1s effective 1n cooling the surface of substrate 14 to a
temperature appropriate for deposition. It 1s to be noted that
the temperature of walls 11 need not be cooled to this
temperature. Preferably, subsequent to pumping out cham-
ber 12, as discussed below, walls 11 are allowed to heat up
to a temperature higher than the temperature of the surface
of substrate 14. In some embodiments, heaters 13 may be
used to 1ncrease the temperature of walls 11 to a temperature
higher than the temperature of the surface of substrate 14.
Preferably, walls 11 are allowed to heat to a temperature at
least from about 10° C. to about 20° C. higher than the
surface of substrate 14. More preferably, walls 11 are
allowed to heat to a temperature of at least about 20° C. and
most preferably from about 20° C. to about 40° C.

The pressure of chamber 12 1s then reduced by using
pumping system 16. In this step, substantially all cryogenic
fluild within the interior of chamber 12 1s removed.
Optionally, walls 11 of chamber 12 may be heated by heaters
13 to reduce the probability of subsequent gas deposition on
walls 11. It 1s to be noted that the relatively poor heat transfer
that occurs 1 a vacuum reduces the thermal coupling
between substrate 14 and walls 11 such that this method 1s
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cifective 1n heating walls 11 without substantially increasing
the temperature of substrate 14.

The gas 1s then introduced into the interior of chamber 12
and deposition occurs on the surface of substrate 14.
Preferably, during this step, the temperature of walls 11 1s
comparatively high so that deposition of the gas preferen-
fially occurs on the surface of substrate 14.

As discussed above, 1n alternate embodiments, deposition
chamber 12 need not be cooled. Instead, substrate 14 may be
placed within chamber 52. Chamber 52 may then be purged
and the cryogenic fluid may then be introduced to chamber
52. The surface of substrate 14 can be cooled, and chamber
52 may then be pumped out. While keeping the surface of
substrate 14 at an appropriate temperature for deposition as
described herein, substrate 14 may then be transferred to

chamber 12. Deposition may then occur as described herein.

In certain embodiments, the method of the present inven-
fion may also include rotating substrate 14 to allow a more
even deposition of the gas onto the surface of the substrate.
Furthermore, 1n some embodiments, the method of the
present invention may include using baffles to control the
flow the cryogenic fluid into the mterior of chamber 12 to
provide a more even cooling of the surface of substrate 14.

Having thus described certain embodiments of the present
invention, various alterations, modification and 1mprove-
ments will be apparent to those skilled in the art. Such
alterations, modifications and improvements are itended to
be within the spirit and scope of the present mnvention. For
example, various combinations of dry gases or cryogenic
fluids may be used. In addition, a system may include more
than one deposition chamber and/or more than one load lock
chamber. Some or all of these load lock chamber(s) and/or
deposition chambers may be capable of being placed in fluid
communication with each other. In some embodiments, one
or more load lock chambers and one or more deposition
chambers may be cooled with a cryogenic fluid during the
process of forming a parylene polymer layer on the surface
of a substrate. Accordingly, the foregoing description 1s by
way ol example only and is not intended as limiting. The
invention 1s limited only as defined by the following claims
and the equivalents thereto.

What 1s claimed 1s:

1. A method of depositing a gas onto a surface of a
substrate, the substrate being disposed within an interior of
a deposition chamber, the method comprising the steps of:

(a) mtroducing a cryogenic fluid into the interior of the

deposition chamber to cool the surface of the substrate;
and

(b) introducing the gas into the interior of the chamber to

deposit the gas onto the surface of the substrate.

2. The method of claim 1, wherein step (a) includes
cooling the surface of the substrate to a temperature of at
most about 40° C.

3. The method of claim 1, wherein step (a) includes
cooling the surface of the substrate to a temperature of at
most about 10° C.

4. The method of claim 1, wherein step (a) includes
cooling the surface of the substrate to a temperature of at
most about -15° C.

5. The method of claim 1, further comprising, between
steps (a) and (b), the step of heating at least some portions
of the interior of the deposition chamber other than the
surface of the substrate.

6. The method of claim 5, wherein the step of heating
includes heating the portions of the interior of the deposition
chamber other than the surface of the substrate to a tem-
perature at least about 10° C. higher than a temperature of
the surface of the substrate.

7. The method of claim 5, wherein the step of heating
includes heating the portions of the interior of the deposition
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chamber other than the surface of the substrate to a tem-
perature of at least about 20° C.

8. The method of claim 5, wherein the step of heating,
includes heating the portions of the interior of the deposition
chamber other than the surface of the substrate to a tem-
perature of from about 20° C. to about 40° C.

9. The method of claim 1, further comprising, between
steps (a) and (b), the step of heating walls of the interior of
the deposition chamber to a temperature at Ieast about 20° C,
higher than a temperature of the surface of the substrate.

10. The method of claim 9, wherein step (a) includes
cooling the surface of the substrate to a temperature of at
most about 40° C.

11. The method of claim 10, wherein step (a) introduces
substantially no moisture into the interior of the deposition
chamber.

12. The method of claim 1, wherein step (a) introduces
substantially no moisture into the interior of the deposition
chamber.

13. The method of claim 1, further comprising, between
step (a) and step (b), the step of gasifying the cryogenic fluid
so that substantially no liquid cryogenic fluid remains 1n the
interior of the deposition chamber.

14. The method of claim 13, further comprising, after the
step gasitying, the step of removing the cryogenic fluid from
the interior of the deposition chamber.

15. The method of claim 1, further comprising, between
step (a) and step (b), the step of removing the cryogenic fluid
from the interior of the deposition chamber.

16. A method of depositing parylene monomer within an
interior of a deposition chamber of a parylene deposition
system, the method comprising the steps of:

(a) introducing a cryogenic fluid into the interior of the
deposition chamber so that the cryogenic fluid cools at
least a surface of a substrate disposed within the
interior of the deposition chamber to a reduced tem-
perature;

(b) heating walls of the interior of the deposition chamber
to a temperature greater than the reduced temperature
of the surface of the substrate; and

(¢) introducing the parylene monomer into the interior of
the deposition chamber so that the parylene monomer
preferentially deposits onto the surface of the substrate.

17. The method of claim 16, wherein step (a) cools the
surface of the substrate to a reduced temperature of at most
about 40° C.

18. The method of claim 17, wherein step (b) heats the
walls of the interior of the deposition chamber to a tem-
perature at least about 20° C. higher than a temperature of
the surface of the substrate.

19. The method of claim 18, wherein step (c) includes the
steps of:

gasifying parylene dimer to form gasified parylene dimer;
and

cleaving the gasified parylene dimer to form the parylene
MONOMmer.

20. The method of claim 19, wherein the step of gasifying
includes vaporizing the parylene dimer.

21. The method of claim 19, wherein the step of cleaving
include pyrolyzing the parylene dimer.

22. The method of claim 19, wherein the step of cleaving
includes using a plasma.

23. The method of claim 16, wherein step (a) includes
cooling the surface of each of a plurality of substrates
disposed within the interior of the deposition chamber.

24. The method of claim 16, further comprising, between
steps (a) and (b), the step gasifying the cryogenic fluid so
that substantially no liquid cryogenic fluid remains 1n the
interior of the deposition chamber.
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25. The method of claim 24, further comprising, after the
step gasilying, the step of removing the cryogenic fluid from
the interior of the deposition chamber.

26. The method of claim 16, wherein step (a) includes
cooling the surface of an automobile part.

27. The method of claim 16, further comprising, between
step (a) and step (b), the step of removing the cryogenic fluid
from the interior of the deposition chamber.

28. An apparatus for depositing a gas, comprising:

a deposition chamber having an interior and an exterior;

a pumping system for reducing a pressure of the interior
of the deposition chamber, the pumping system being
in fluild communication with the interior of the depo-
sition chamber;

a support mount for a substrate, the support mount being
disposed within the interior of the deposition chamber;

a source of cryogenic fluid mn fluid communication with
the 1nterior of the deposition chamber; and

a gas source 1n fluid communication with the interior of
the deposition chamber.

29. The apparatus of claim 28, wherein the pumping
system comprises a vacuum pump.

30. The apparatus of claim 28, further comprising a
plurality of support mounts for mounting a substrate.

31. The apparatus of claim 28, wherein the source of the
cryogenic fluid comprises a tank of liquid nitrogen.

32. The apparatus of claim 28, wherein the source of
cryogenic fluid comprises a container of liquid carbon
dioxide.

33. The apparatus of claim 28, wherein the gas source 1s
a source of parylene monomer.

34. The apparatus of claim 33, wherein the gas source
COMprises:

a chamber for gasitying parylene dimer to form gasified
parylene dimer; and

a chamber for cleaving the gasified parylene dimer to
form the parylene monomer, the chamber for cleaving
being mn fluid communication with the chamber for
gasitying.

35. The apparatus of claim 28, further comprising a heater
in thermal communication with portions of the interior of the
deposition chamber other than the support.

36. The apparatus according to claim 28, further com-
prising a load lock chamber capable of being placed in fluid
communication with the deposition chamber.

J7. The apparatus according to claim 36, further com-
prising a seal disposed between the load lock chamber and
the deposition chamber.

38. The apparatus according to claim 28, further com-
prising a load lock chamber capable of being placed in fluid
communication with the first deposition chamber.

39. The apparatus according to claim 38, further com-
prising a seal disposed between the load lock chamber and
the first deposition chamber.

40. An apparatus for depositing parylene monomer, com-
prising,

a first deposition chamber having an interior and an

exterior;

a vacuum pump 1n fluild communication for reducing a
pressure of the interior of the first deposition chamber,
the vacuum pump being in fluid communication with
the 1nterior of the first deposition chamber;

a support mount for mounting a substrate, the support
being disposed within the interior of the first deposition
chamber;

a source of a cryogenic fluid in fluid communication with
the 1nterior of the first deposition chamber; and
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a source ol parylene monomer in fluild communication
with the interior of the deposition chamber.

41. The apparatus of claim 40, further comprising a
plurality of support mounts for a substrate.

42. The apparatus of claim 40, wherein the source of
cryogenic fluid comprises a tank of liquid nitrogen.

43. The apparatus of claim 40, wherein the source of
cryogenic fluid comprises liquid carbon dioxade.

44. The apparatus of claim 40, wherein the source of
parylene monomer comprises:

a chamber for gasifying parylene dimer to form gasified
parylene dimer; and

a chamber for cleaving the gasified parylene dimer to
form the parylene monomer, the chamber for cleaving
being mn fluid communication with the chamber for
gasiiying.

45. The apparatus of claim 40, wherein the source of

parylene monomer comprises:

a vaporization chamber for forming vaporized parylene
dimer; and

a pyrolysis chamber for forming the parylene monomer,
the pyrolysis chamber being 1n fluid communication
with the vaporization chamber.

46. The apparatus of claim 45, wherein the source of
parylene monomer further comprises a post-pyrolysis cham-
ber 1 fluild communication with the pyrolysis chamber and
the first deposition chamber.

47. The apparatus of claim 40, further comprising a heater
in thermal communication with the interior of the first
deposition chamber, the heater being thermally 1solated from
the support mount.

48. The apparatus of claim 40, further comprising a
second deposition chamber in fluid communication with the
source of cryogenic fluid.

49. The apparatus of claim 40, wherein the at least one
substrate comprises an automobile part.

50. A method of depositing a gas onto a surface of a
substrate, the substrate being disposed within an interior of
a deposition chamber, the method comprising the steps of:

(a) cooling the surface of the substrate without clamping
the substrate to a support; and

(b) introducing the gas into the interior of the chamber to
deposit the gas onto the surface of the substrate.

51. A method of depositing a gas onto a surface of a
substrate, the substrate being disposed within an interior a
load lock chamber, the method comprising the steps of:

(a) introducing a cryogenic fluid into the interior of the
load lock chamber to cool the surface of the substrate
to form a cooled substrate;

(b) transferring the cooled substrate to an interior of a
deposition chamber; and

(¢) introducing the gas into the interior of the deposition
chamber to deposit the gas onto the surface of the
substrate.

52. The method according to claim 51, further comprising,

the step of:

infroducing a cryogenic fluid into the interior of the
deposition chamber.

53. The method according to claim 52, further comprising,
the step of:

heating walls of the deposition chamber to a temperature
oreater than the temperature of the cooled substrate.

G o e = x
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